
per WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

R|mRNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI)

(51) International Patent Classification 5

C12N 15/75, 15/56, 9/28 Al

(11) International Publication Number:

(43) International Publication Date:

WO 93/10249

27 May 1993 (27.05.93)

(21) International Application Number: PCT/DK92/00338

(22) International Filing Date: 13 November 1992 (13.1 1.92)

(30) Priority data:

PCT/DK91/00343 14 November 1991 (14.1 1.91) WO
(34) Countriesfor which the regional

or international application

wasfiled: DKetal.

(71) Applicant (for all designated States except US): NOVO
NORDISK A/S [DK/DK]; Novo Alle, DK-2880 Bags-
vaerd (DK).

(72) Inventors; and
(75)Inventore/AppUcants (for US only) : J0RGENSEN, Steen,

Troels [DK/DK]
; Prumsvej 5, DK-3450 Allenjd (DK).

DIDERJCHSEN, Berge Krag [DK/DK]; Fuglsangsvej

4, DK-3460 Birkerod (DK).

(74) Common Representative: NOVO NORDISK A/S; Patent

Department, Novo Alle, DK-2880 Bagsvaerd (DK).

(81) Designated States: AU, BR, CA, CS, FI, HU, JP, KR, NO,
PL, RU, US, European patent (AT, BE, CH, DE} DK,
ES, FR, GB, GR, IE, IT, LU, MC, NL, SE).

Published

With international search report.

(54) Title: A BACILLUS PROMOTER DERIVED FROM A VARIANT OF A BACILLUS LICHENIFORMIS X-AMY-
LASE PROMOTER

GCATGCGTCC TTCTTTGTGC TTGGAAGCAG AGCCCAATAT TATCCCGAAA

CGATAAAACG GATGCTGAAG GAAGGAAACG AAGTCGGCAA CCATTCCTGG

GACCCATCCG TTATTGACAA GGCTGTCAAA CGAAAAAGCG TATCAGGAGA

TTAACGACAC GCAAGAAATG ATCGAAAAAA TCAGCGGACA CCTGCCTGTA

CACTTGCGTC CTCCATACGG CGGGATCAAT GATTCCGTCC GCTCGCTTTC

CAATCTGAAG GTTTCATTGT GGGATGTTGA TCCGGAAGAT TGGAAGTACA

AAAATAAGCA AAAGATTGTC AATCATGTCA TGAGCCATGC GGGAGACGGA

AAAATCGTCT TAATGCACGA TATTTATGCA ACGTTCGCAG ATGCTGCTGA

AGAGATTATT AAAAAGCTGA AAGCAAAAGG CTATCAATTG GTAACTGTAT

CTCAGCTTGA AGAAGTGAAG AAGCAGAGAG GCTATTGAAT AAATGAGTAG

AAAGCGCCAT ATCGGCGCTT TTCTTTTGGA AGAAAATATA GGGAAAATGG

TAN1TTGTTAA AAATTCGGAA TATTTATACA ATATCATN^N4

N5N6N7N8N9CATTG AAAGGGGAGG AGAATC (SEQ ID#1)

(57)Abstract -

ABacillus promoter included in DNA sequence (SEQ ID#1), wherein each of N^N9 is A, T, C orG with the exception
that N^-N9 do not together form the sequence ATGTTTCA or GTGTTTCA, or a functional homologue of said sequence.
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A BACILLUS PROMOTER DERIVED FROM A VARIANT OF A BACILLUS

LICHENIFORMIS X-AMYLASE PROMOTER

FIELD OF INVENTION

5 The present invention relates to a Bacillus licheniformis

promoter, a DNA construct comprising said promoter, a host cell

transformed with said DNA construct and a method of producing

a protein in Bacillus by means of the promoter

-

10 BACKGROUND OF THE INVENTION

Various promoter sequences of the Bacillus licheniformis ct-

amylase gene have been described previously. Thus, M. Sibakov

and I. Palva, Eur. J. Biochem. 145 , 1984, pp. 567-572, describe

15 the isolation and determination of the 5» end of the Bacillus

licheniformis a-amylase gene, including the promoter sequence;

T. Yuuki et al., J. Biochem. 98 . 1985, pp. 1147-1156, show the

complete nucleotide sequence of the Bacillus licheniformis oc-

aroylase gene, including the promoter sequence; and B.M. Laoide

20 et al., J. Bacteriol. 171(5), 1989, pp. 2435-2442, discuss

catabolite repression of the Bacillus licheniformis a-amylase

gene from a region around the 5 f end of the gene and show the

sequence of this region.

25 SUMMARY OF THE INVENTION

The present inventors have surprisingly found that a novel

promoter homologous to the previously published promoter

sequences gives rise to a dramatically increased yield of a

30 protein when the gene coding for the protein is transcribed

from the promoter.

Accordingly, the present invention relates to a Bacillus

promoter included in the following DNA sequence

35

GCATGCGTCC TTCTTTGTGC TTGGAAGCAG AGCCCAATAT TATCCCGAAA

CGATAAAACG GATGCTGAAG GAAGGAAACG AAGTCGGCAA CCATTCCTGG
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GACCCATCCG TTATTGACAA GGCTGTCAAA CGAAAAAGCG TATCAGGAGA

TTAACGACAC GCAAGAAATG ATCGAAAAAA TCAGCGGACA CCTGCCTGTA

CACTTGCGTC CTCCATACGG CGGGATCAAT GATTCCGTCC GCTCGCTTTC

CAATCTGAAG GTTTCATTGT GGGATGTTGA TCCGGAAGAT TGGAAGTACA

5 AAAATAAGCA AAAGATTGTC AATCATGTCA TGAGCCATGC GGGAGACGGA

AAAATCGTCT TAATGCACGA TATTTATGCA ACGTTCGCAG ATGCTGCTGA

AGAGATTATT AAAAAGCTGA AAGCAAAAGG CTATCAATTG GTAACTGTAT

CTCAGCTTGA AGAAGTGAAG AAGCAGAGAG GCTATTGAAT AAATGAGTAG

AAAGCGCCAT ATCGGCGCTT TTCTTTTGGA AGAAAATATA GGGAAAATGG

10 TANTTTGTTAA AAATTCGGAA TATTTATACA ATATCATN2N3NA

N5N6N7N8N9CATTG AAAGGGGAGG AGAATC (SEQ ID#1)

wherein each of N1-N9 is A, T, C or G with the exception that

N2-N9 do not together form the sequence ATGTTTCA or GTGTTTCA,

15

or a functional homologue of said sequence.

In the the previously published sequences, N 1 is either T (cf

.

T. Yuuki et al., supra) or C (B.M. Laoide et al., supra ) f while

20 N2-N9 is either ATGTTTCA (T. Yuuki et al., supra , and B.M.

Laoide et al. f supra ) or GTGTTTCA (cf- M. Sibakov, supra ) -

Several papers discuss catabolite repression of Bacillus genes,

including the B-_ licheniformis a-amylase gene. Thus, B.M.

Laoide et al r supra r and B.M. Laoide and D.J. HcConnell, J.

Bacteriol. 171 , 1989, pp. 2443-2450, map the cis sequences

essential for mediation of catabolite repression of amvL in B.

subtilis to a 108 bp region downstream from the promoter and

upstream from the signal sequence cleavage site. They identify

an inverted repeat sequence, TGTTTCAC-20 bp-ATGAAACA, in this

region but note that deletion into the left-hand part of this

sequence either abolished or altered expression without

affecting catabolite repression- They identify sequences

homologous to the left-hand part of the amyL inverted repeat

(5»-A/T T G T N A/T-3 1
) around the transcription initiation

sites in a number of JL_ subtilis catabolite-repressible genes.

Y. Miwa and Y. Fujita, Nucl. Acids Res- 18, pp. 7049-7053,
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limit the cis sequences involved in catabolite repression of

the B-_ subtilis gnt operon to a 11 bp region* Within this 11

bp region is a 8 bp sequence, ATTGAAAG, which the authors claim

could be a consensus sequence involved in catabolite repression

5 in the genus Bacillus , as it was found in other catabolite

repressible Bacillus genes. Interestingly, in the

1icheniformis a-amylase gene, the consensus sequence shown

above immediately follows the left-hand part of the inverted

repeat sequence identified by Laoide et al.

10

M*J. Weickert and G.H. Chambliss, Proc. Natl. Acad. Sci. USA

87 . pp. 6238-6242, describe site-directed mutagenesis of a

catabolite repression operator sequence in JBi_ subtilis from the

amvE gene. They observe that hyperproduction and catabolite

15 repression of amylase were both affected by mutations in the

same region, and sometimes by the same mutation. They found

that the JL. subtilis a-amylase catabolite repression operator

shares significant homology with sequences in other Bacillus

amylase gene regulatory regions and with other catabolite

20 repressed genes. The consensus sequence they identified is

located from position +70 to +64 with respect to the B.

licheniformis a-amylase transcription initiation site.

At least one group considers the sequence N2-N9 (according to

25 the present nomenclature) to form an essential part of the cis

sequence required for catabolite repression, while another

group points to an immediately adjacent sequence. It is

noteworthy that N2-N9 form part of an inverted repeat sequence.

Modifications of these sequences might well influence the

30 transcription levels obtained from the amvL promoter. It

cannot , however, be discounted, that substitutions in other

parts of the promoter sequence such as at N 1

, may also

influence the transcription levels obtained from the promoter.

35 In the present context, the term "functional homologue" is

intended to indicate a promoter sequence with at least 70%

sequence identity to the sequence shown above, which sequence,
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under comparable conditions, promotes a more efficient

transcription of the gene it precedes than the promoter

disclosed by T. Yuuki et al., supra , or B. Laoide et al.,

supra . The transcription efficiency may, for instance, be

5 determined by a direct measurement of the amount of mRNA

transcription from the promoter, e.g. by Northern blotting or

primer extension, or indirectly by measuring the amount of gene

product expressed from the promoter. The term is intended to

include derivatives of the promoter sequence shown above, such

10 as insertion of one or more nucleotides into the sequence,

addition of one or more nucleotides at either end of the

sequence and deletion of one or more nucleotides at either end

of or within the sequence, provided that such modifications do

not impair the promoter function of the sequence. Fragments of

15 the sequence shown above are included in this definition of a

functional homologue.

DETAILED DISCLOSURE OF THE INVENTION

20 The promoter of the invention may be derived from the genome

of a suitable Bacillus licheniformis strain by hybridisation

using oligonucleotide probes based on the promoter sequence

known from T. Yuuki et al., supra P or B. Laoide et al., supra,

in accordance with standard techniques (cf. Sambrook et al.,

25 Molecular Cloning : A Laboratory Manual . Cold Spring Harbor, NY,

1989) . The known promoter sequence may be modified at one or

more sites by site-directed mutagenesis in accordance with

well-known procedures. The promoter sequence may also be

prepared synthetically by established standard methods, e.g.

30 the phosphoamidite method described by S.L. Beaucage and M.H.

Caruthers, Tetrahedron Letters 22 . 1981, pp. 1859-1869, or the

method described by Matthes et al. , EMBO J. 3., 1984, pp. 801-

805.

35 Examples of preferred promoters of the invention are those

wherein N1 is C or T? or wherein N7 is A, G or C; in particular

wherein N* is C and N7 is A. Thus, Nz-N9 together preferably
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form the sequence ATGTTACA, while N 1 is preferably C.

An example of a suitable fragment of the promoter sequence

shown above has the following DNA sequence

5

CTATCAATTG GTAACTGTAT CTCAGCTTGA AGAAGTGAAG AAGCAGAGAG

GCTATTGAAT AAATGAGTAG AAAGCGCCAT ATCGGCGCTT TTCTTTTGGA

AGAAAATATA GGGAAAATGG TAN'TTGTTAA AAATTCGGAA TATTTATACA

ATATCATN2N3NA N5N6N7NeN9CATTG AAAGGGGAGG AGAATC (SEQ ID#2)

10

wherein N^N9 has the meaning indicated above.

In a preferred embodiment, the promoter of the invention is

derived from a B. licheniformis gene, and in particular it is

15 a variant of a Bacillus licheniformis ot-amylase promoter.

In another aspect, the present invention relates to a DNA

construct comprising a DNA sequence coding for a protein of

interest preceded by a promoter sequence as described above

-

20 The protein of interest may advantageously be an enzyme, e.g.

a-amylase, cyclodextrin glycosyl transferase or a protease- The

DNA construct may advantageously also comprise a sequence

coding for a signal peptide to ensure secretion into the

culture medium of the protein in question on cultivating a cell

25 transformed with the DNA construct

-

According to the invention, the DNA construct may be present

on an autonomously replicated expression vector. The vector

further comprises a DNA sequence enabling the vector to

30 replicate in the host cell. Examples of such sequences are the

origins of replication of plasmids pUC19 (C. Yanisch-Perron et

al.. Gene 31, 1985, pp. 103-119), pACYC177 (A.CY. Chang and

S.N. Cohen, J. Bacteriol. 134 , 1978, pp. 1141-1156), pUBHO

(Gryczan et al. 1978) or pIJ702 (E. Katz et al., J. Gen.

35 Microbiol

.

129, 1983, pp. 2703-2714). The vector may also

comprise a selectable marker, e.g. a gene whose product confers

antibiotic resistance such as ampcillin, chloramphenicol or
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tetracyclin resistance, or the dal genes from Bj_ subtllis or

B. licheniformis (B. Diderichsen, 1986) . The procedures used

to ligate the DNA sequence coding for the protein of interest,

promoter and origin of replication are well known to persons

5 skilled in the art (cf . , for instance, Sambrook et al- f

Molecular Cloning: A Laboratory Manual , Cold Spring Harbor, NY,

1989)

.

Alternatively, the DNA construct may be present on the

10 chromosome of the host cell. This is often an advantage as the

DNA construct is more likely to be stably maintained in the

host cell. Integration of the DNA construct into the host

chromosome may be performed according to conventional methods,

e.g. by homologous recombination. It should be noted that the

15 promoter sequence, the DNA sequence encoding the protein of

interest and optionally the signal sequence may be introduced

into the host cell separately.

The host cell may suitably be a strain of Bacillus , in

20 particular a strain of Bacillus licheniformis . Bacillus lentus ,

Bacillus breyis, Bacillus stearothermoohilus , Bacillus

alkalophilus , Bacillus amvloliquefaciens . Bacillus coagulans,

Bacillus thurinaiensis or Bacillus subtilis .

25 In a further aspect, the present invention relates to a process

for producing a protein in Bacilli comprising culturing a

Bacillus host cell transformed with a DNA construct or vector

according to the invention under conditions permitting

production of said protein, and recovering the resulting

30 protein from the culture.

The medium used to cultivate the cells may be any conventional

medium suitable for growing bacteria. The product of the

expressed gene is preferably recovered from the culture.

35 Recovery of the product may be done by conventional procedures

including separating the cells from the medium by

centrifugation or filtration. , precipitating the proteinaceous
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components of the supernatant or filtrate by means of a salt,

e.g. ammonium sulphate, followed, if necessary, by a variety

of chromatographic procedures, e.g. ion exchange

chromatography, affinity chromatography, or the like.

5

The invention is further described in the following example

with reference to the appended drawings, in which the following

abbreviations are used:

10 "pBR322" indicates pBR322-derived DNA;

,f+ori pUBHO" indicates the plus origin of replication of

pUBHO;
"rep" indicates the rep gene of pUBHO;

"cat" indicates the chloramphenicol resistance gene of pC194;

15 "cgtA" indicates the Tfrgrmoanaerobacter CGTase gene;

"PamyM" indicates the promoter of the JL_ sterothermophilus

maltogenic amylase gene (Diderichsen and Christiansen, 1988)

;

"bla" indicates the ampicillin resistance gene of pBR322;

"pKK233-2" indicates pKK233-2 derived DNA;

20 "PamyL" indicates the promoter of the B^ licheniformis a-

amylase gene;

"PamyQ" indicates the promoter of the B^ amyloliouefaciens a-

amylase gene;

"amyL-cgtA" indicates the fusion gene comprising the signal

25 peptide coding part of the licheniformis a-amylase gene and

the part of the Thermoanaerobacter CGTase gene coding for the

mature enzyme;

"erm" indicates the erythromycin resistance gene of pE194;

"ori pE194" indicates the plus origin of replication and rep

30 gene containing region of pE194; and

,r, amyL" indicates a DNA fragment spanning the 3' -end of the B^

licheniformis a-amylase gene.

Fig. 1 is a restriction map of plasmid pNV601;

35 Pig. 2 is a restriction map of plasmid pPL1878:

Fig. 3 is a restriction map of plasmid pPL1419;

Fig. 4 is a restriction map of plasmid pPL1489;
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Fig. 5 is a restriction map of plasmid pPL1540;

Fig. 6 is a restriction map of plasmid pDN3000;

Fig. 7 is a restriction map of plasmid pPL1759;

Fig. 8 is a resrtiction map of plasmid pPLl892

;

Fig. 9 is a restriction map of plasmid pPL1796;

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

is a restriction map of plasmid pBB37;

is a restriction map of plasmid pPL1385;

is a restriction map of plasmid pPL1893

;

is a restriction map of plasmid pSJllll;

is a restriction map of plasmid pDN3060;

is a restriction map of plasmid pSJ1277;

is a restriction map of plasmid pSJ994

;

is a restriction map of plasmid pSJ1283;

is a restriction map of plasmid pSJ1342;

is a restriction map of plasmid pSJ1359;

is a restriction map of plasmid pPL1483;

is a restriction map of plasmid pPL1487;

is a restriction map of plasmid pSJ932

;

is a restriction map of plasmid pSJ948

;

is a restriction map of plasmid pSJ980;

is a restriction map of plasmid pSJ1391;

is a schematic presentation of the exchange, by

Fig. :

Fig. :

Fig. :

homologous recombination, between the chromosomal a-amylase

gene and the *™VL-catA fusion gene carried on plasmid pSJ1391;

Fig. 27 is a schematic presentation of the in vivo

recombination between the 5' ends of the mature parts of cgtA;

and

Fig. 28 is a restriction map of plasmid pSJ1755.

The invention is further illustrated in the following examples

which are not in any way intended to limit the scope of the

invention as claimed.
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EXAMPLE

General Methods

5 The experimental techniques used to construct the plasmids were

standard techniques within the field of recombinant DNA

technology, cf. T. Maniatis et al., Molecular Cloning: A

Laboratory Manual , Cold Spring Harbor, New York, 1982.

10 Restriction endonucleases were purchased from New England

Biolabs and Boehringer Mannheim and used as recommended by the

manufacturers. T4 DNA ligase was purchased from New England

Biolabs and used as recommended by the manufacturer.

15 Preparation of vector DNA from all strains was conducted by the

method described by Kieser, 1984.

Transformation of E. coli :

Cells of E. coli were made competent and transformed as

20 described by Mandel and Higa, 1970.

Transformation of B. subtilis :

Competent cells were prepared and transformed as described by

Yasbin et al., 1975.

25

Transformation of B. licheniformis :

Plasmids were introduced into B. licheniformis by polyethylene

glycol-mediated protoplast transformation as described by

Akamatzu, 1984.

30

CGTase-producing colonies of either E*_ coli , B. subtilis or IL_

licheniformis were identified by plating transformants on LB

agar plates supplemented with 1% soluble starch. After

incubation at either 37 °C or 30 °C overnight, plates were

35 stained by iodine vapour to show hydrolysis zones produced by

the action of the CGTase on the starch.

REPLACEMENTSHEET
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Media

BPX: Potato starch 1°° 9/1

Barley flour 50 9/1

5 BAN 5000 SKB °' 1 9/1

Sodium caseinate 1° 9/1

Soy Bean Meal 20 9/1

Na^, 12 H^O 9 9/1

Pluronic O- 1^/1

10

LB agar: Bacto-tryptone 1° g/1

Bacto yeast extract 5 g/1

NaCi 10 9/1

Bacto agar 15 9/1

15 Adjusted to pH 7.5 with NaOH

1
^ n Thermnanarrobacter ««p. CGTase gene into

20 Bacillus subtilis.

The construction of the B. coli plasmid PNV601 (Fig. 1)

,

carrying the ^^n^robacter sp. ATCC 53627 CGTase gene

referred to in the following as cgtA., is disclosed in WO

25 89/03421. The B_sub£ilis plasmid PPL1878 (Fig. 2), containing

the cgtA gene, is disclosed in WO 91/09129. It was constructed

as follows:

PNV601 was digested partially with Sau3A, then religated and

30 transformed into f. coli SCSI (frozen competent cells purchased

from stratagene, Ja Jolla, California), selecting for

ampicillin resistance (200 W/ml) . One CGTase positive colony

was PL1419, containing PPL1419 (Fig. 3). Plasmid PPL1419 was

partially digested with Sau3A, and fragments ligated to BglH

35 digested pPL1489 (Fig. 4). One CGTase positive, ampicillin

resistant (200 Mg/ml) B. coU SCSI transformant contained

PPL1540 (Fig. 5) . PPL1489 was derived from plasmxd pKK233-2
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(purchased from Pharmacia LKB Biotechnology) by insertion of

a synthetic DNA linker between the PstI and Hindlll sites in

pKK233-2. This linker was the Pstl-Hindlll fragment from

PDN3000 (Fig. 6; WO 91/09129, Diderichsen et al., 1990).

5 pPL1540 was digested with Haell and SphI, and the 2.4 kb

fragment containing the cotA gene was inserted into Haell +

SphI digested plasmid pDN1380 (Diderichsen and Christiansen,

1988). A CGTase positive, chloramphenicol resistant (6 M9/ml)

trahsformant of B. subtilis DN1885 (Diderichsen et al., 1990)

10 contained pPL1878.

2. Construction of an ot-amvlase/CGTase fusion gene.

15 Cloning of the Bacillus licheniformis a-amylase gene, amyL,

resulting in plasmid pDN1981, is described by Jorgensen et al.

,

1990.

In plasmid pPL1759 (Fig. 7) , the Pstl-Hindlll fragment of

20 pDN1981 has been replaced by the Pstl-Hindlll multilinker

fragment from pDN3000 (Fig. 6). It has retained the amyL

promoter and most of the signal peptide coding sequence.

Plasmid pPL1892 (Fig. 8) was constructed by insertion of the

25 cgtA gene excised from pPL1878 on a 2.4 kb Sall-NotI fragment

into Sail + NotI digested pPL1759, and transformation of DN1885

to kanamycin resistance (10 /xg/ml) .

Plasmid pPL1796 (Fig. 9) was constructed by insertion of a 0.5

30 kb SacI-EcoRV fragment from pBB37 (Fig. 10; Jorgensen, P. et

al., 1991) into Sad + Smal digested pPL1385 (Fig. 11;

Diderichsen et al., 1990), and transformation of DN1885 to

chloramphenicol resistance (6 (xg/ml) .

35 Plasmid pPL1893 (Fig. 12) was constructed by insertion of the

CGTase gene excised from pPL1878 on a 2.4 kb BamHI-NotI

fragment into BamHI + NotI digested pPL1796, and transformation
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of DN1885 to chloramphenicol resistance (6 nq/ml) .

The in vivo genetic engineering technique (J0rgensen et al -

,

5 1990) , by which two DNA sequences contained on the same plasmid

and sharing a homologous region can be fused together by recom-

bination between the homologous regions in vivo (see Fig. 27)

was used to construct a fusion between the amyL and the ccrtA

genes , in which the ccrtA signal peptide coding sequence had

10 been precisely replaced by the signal peptide coding sequence

of the amyL gene*

To this end, the following oligonucleotide linker was syn-

thesized and ligated into Sail digested pUC19 (Yanish-Perron

15 et al., 1985), giving pSJllll (Fig* 13) upon transformation of

E. coli SJ2 (Diderichsen et al., 1990) and selection for

ampicillin resistance (200 iiq/uxL) :

20 3' end of amyL signal peptide

coding region

Sail Bell Pstl

5* - TCGACTGATCACTTGCTGCCTGATTCTGCAGCAGCGGCG-

3 1 - GACTAGTGAACGACGGAGTAAGACGTCGTCGCCGC-

25

5 9 end of ccrtA mature protein

coding region

Xbal Sail

30 GCACCGGATACTTCAGTTTCTCTAGAG - 3'

CGTGGCCTATGAAGTCAAAGAGATCTCAGCT - 5 f (SEQ ID#3)

The pC194 (Horinouchi and Weisblum, 1982) derived

chloramphenicol resistance gene, cat , was excised from pDN3060

35 (Fig. 14; WO 91/09129) as a 1.1 Kb BamHI-Bglll fragment and

inserted into Bell digested pSJllll, giving pSJ1277 (Fig* 15)

upon transformation of E* coli SJ 6 (Diderichsen et al. , 1990)
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and selection for ampicillin (200 /ig/ml) and chloramphenicol

(6 Mg/flil) resistance.

pSJ994 (Fig. 16) was constructed by ligation of the 0.6 kb

5 Notl-Ncol fragment from pPL1893 to the 5.4 kb Notl-Ncol

fragment from pPL1892 r and transformation into B. subtilis

DN1885, selecting for kanamycin resistance (10 fig/ml) .

pSJ1283 (Fig, 17) was constructed by ligation of the 1.1 kb

10 Sail fragment from pSJ1277 to Sail digested pSJ994, and

transformation into DN1885, selecting for kanamycin (10 ^tg/ml)

and chloramphenicol (6 tig/ml) resistance.

PSJ1342 (Fig. 18) was constructed by deletion of the 1.1 kb

15 PstI fragment from pSJ1283, and transformation into DN1885,

selecting for kanamycin resistance (10 /xg/ml)

.

pSJ1359 (Fig. 19) was constructed by the actual in vivo recom-

bination from pSJ1342. There is homology between the start of

20 the mature part of the CGTase gene and part of the synthetic

oligonucleotide extending between PstI and Sail on pSJ1342. If

the plasmid undergoes a recombination event between these two

homologous regions, the unique sites for Xbal, Sail and BamHI

will be deleted.

25

A batch of pSJ1342 prepared from host strain DN1885 was

thoroughly digested with BamHI, Xbal and Sail, and the digested

plasmid was directly (i.e. without ligation) transformed into

competent cells of DN1885, selecting for kanamycin resistance

30 (10 /xg/ml). This procedure strongly enriches for recombined

plasmids, as linearized plasmid monomers are unable to

transform B. subtilis competent cells (Mottes et al., 1979).

Recombined plasmids would not be cleaved by the restriction

enzymes, and thus exist as a mixture of monomeric and

35 oligomeric forms well able to transform competent B. subtilis

cells. One transformant thus obtained contained pSJ1359. This

plasmid contains the origin of replication of pUBHO (Lacey and
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Chopra, 1974, Gryczan et al*, 1978 r McKenzie et al., 1986) , the

pUBllO Rep protein gene, the kanamycin resistance gene, and the

B. licheniformis a-amylase (amvL ) promoter and signal peptide

coding region perfectly fused to the DNA encoding the mature

5 part of the CGTase from Thermoanaerobacter sp. ATCC 53627.

3. Construction of a chromosomal integration vector.

A 1-4 kb BamHl fragment containing the pUBllO kanamycin

10 resistance gene (kan) was excised from plasmid pDN2904 (WO

91/09129), ligated to Bglll digested pDN3000 (Fig. 6),

transformed into E. coli SCSI selecting ampicillin resistance

(100 /ig/ml) , and pPU.483 (Fig. 20) was recovered from one such

transformant.

15

This plasmid was then combined with a Bacillus vector

temperature sensitive for replication, plasmid pE194

(Horinouchi and Weisblum, 1982b) . pPL1483 was digested with

AccI, pE194 digested with Clal, the two linearized plasmids

20 mixed, ligated, and transformed into B. subtilis DN1885

selecting kanamycin resistance (10 ixq/wl) at 30 °C. One such

transformant contained pPL1487 (Fig. 21)

-

25 A 3 1 -terminal fragment of the amvL gene was excised from

plasmid pDN1528 (Jargensen, S. et al., 1991) as a 0.7 kb Sall-

Hindlll fragment, ligated to Sall+Hindlll digested pUC19, and

transformed to E. coli SJ2, selecting for ampicillin resistance

(200 /tg/ml) . One such transformant contained pSJ932 (Fig. 22)

.

30

Plasmid pSJ948 (Fig. 23) was obtained by insertion of a Bglll

linker into Hindll digested pSJ932, once more selecting for

ampicillin resistance (200 fig/ml) upon transformation of SJ2.

35 pSJ980 (Fig. 24) was constructed by ligation of the 5.1 kb

Hindlll fragment of pPL1487 to Hindlll digested pSJ948,

selecting for kanamycin resistance (10 ng/mL) in B. subtilis
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DN1885 at 30 °C.

Finally, pSJ1391 (Fig. 25) was constructed by ligation of the

5 4,0 leb Bglll fragment of pSJ1359 to the 5.6 kb Bglll fragment

of pSJ980, selecting for kanamycin resistance (10 jig/ml) in

DN1885 at 30 °C. This plasmid contains, on a vector

temperature-sensitive for replication and conferring resistance

to kanamycin and erythromycin, the promoter and upstream region

10 (about 0,4 kb) from the B. licheniformis a-amylase gene (amyL )

,

the a-amylase/CGTase fusion gene (amyL-cotA ) , and then about

0.7 kb from the 3* -region of the a-amylase gene (
1 amvL ) .

15 4. Transfer of the fusion gene to B. licheniformis and

integration in the chromosome.

An a-amylase producing strain of B, licheniformis was

20 transformed with pSJ1391 by the protoplast transformation pro-

cedure (Akamatzu, 1984) . One regenerating, kanamycin resistant

colony was isolated, and was found to produce both a-amylase

and CGTase. Production of the two enzymes can be easily

distinguished by separating proteins in the culture supernatant

25 from shake flask cultures in BPX medium (WO 91/09129) on

isoelectric focusing gels (e.g. using the Pharmacia Phast sys-

tem) , followed by overlayering with an agarose gel containing

1 % soluble starch and subsequent staining by iodine vapour.

The CGTase activity was detected at pi 4.5, the a-amylase

30 activity at pi 8.

When this transformant was analyzed for its plasmid content,

it turned out that a recombination event between the incoming

plasmid and the chromosome had taken place: A double

35 recombination had exchanged the chromosomal a-amylase ( amyL )

gene and the plasmid borne amvL-cotA fusion gene, so that the

plasmid isolated carried the amvL gene (B. subtilis DN1885
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transformed with this plasmid produced ot-amylase) whereas the

amvL-ccrtA fusion gene now resided on the chromosome (Fig. 26)

.

By propagation in TY medium (WO 91/09129) without kanamycin,

5 strains were isolated that had spontaneously lost their plasmid

(SJ1599 f SJ1603-1607) .

The original B. licheniformis transformant was also subjected

to experimental conditions to ensure chromosomal integration

10 and subsequent excision of the plasmid, in order to promote

recombination events. The transformant was plated on LB agar

(WO 91/09129) with 10 /ig/ml kanamycin at 50 °C, individual

colonies restreaked a few times at 50 °C, and each then grown

in successive overnight TY cultures at 30 °C without kanamycin

15 to permit plasmid excision and loss. Kanas isolates from each

original 50 °C colony were incubated in BPX shake flasks and

production of either a-amylase or CGTase determined by analysis

on isoelectric focusing gels as above. The plasmid free strains

analyzed all produced either CGTase or a-amylase. CGTase

20 producing isolates are e.g. S.T1561-62, 1580-83, 1586-91 and

1595.

One strain r named SJ1608, appeared to produce CGTase in larger

amounts than the others.

25

Southern blot analysis of strains SJ1561, 1562 r 1599 , 1606 and

1608 confirmed that these strains have the chromosomal amyL

gene replaced by the amvl>ccrtA gene.

30 The following results were obtained by quantitation of the

CGTase activity produced on incubation in BPX shake flasks for

6 days at 37 aC (results from several experiments; the

variation within each group of strains was mainly due to the

use of different batches of shake flasks)

:

35
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Strain CGTase activity,

arbitrary units

SJ1561-62, 1580-83 , 1586-91,

1595, 1599, 1603-07 1-7.5

SJ1608 200 - 275

10

5, Promoter analysis.

We have investigated whether the large difference in CGTase

production between strain SJ1608 and the other strains

15 containing the amyL-cqtA gene was due to differences in the

amvL promoter responsible for the CGTase expression.

The amvL promoter sequence of the B. licheniformis host strain

is given in SEQ ID#4.

20

The promoter region from a number of the CGTase producing JL_

licheniformis strains was amplified from chromosomal DNA by the

PGR technique (Saiki et al., 1988) , using as primers one oligo-

nucleotide corresponding to pos. 204-233 reading downstream

25 through the amyL promoter, and another oligonucleotide corre-

sponding in sequence to the 5 '-end of the DNA encoding the

mature CGTase and reading upstream. The sequence of this second

oligonucleotide was 5 f -CCTGTTGGATTATTACTGGG-3 1 (SEQ ID#5) .

30 The amplified DNA fragment from each strain was excised from

an agarose gel and directly sequenced, using as sequencing

primers in the dideoxy method (Sanger et al., 1977) the same

oligonucleotides that were used for PCR amplification.

35 The results of the sequence analysis reveal that one or both

of two point mutations in the promoter region are responsible

for the large difference in CGTase production observed

-
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Strains SJ1599 and 1603-06, all low-yielding, have the promoter

sequence shown in SEQ ID#4. However, the high-yielding strain

SJ1608 contains the promoter sequence shown in SEQ ID#6.

5 The differences occur at pos. 553, where SJ1608 contains a C

instead of a T, and at pos. 593, where SJ1608 contains a A

instead of a T.

The sequence of the amyL promoter present on pSJ1359 and

10 pSJT391 was determined using the PGR amplification and

sequencing procedure described above. This showed that both

plasmids contain the promoter sequence shown in SEQ ID#l f i.e.

identical to the promoter sequence of SJ1608.

15

6. Analysis of the promoter effect on expression of the B.

licheniformis g-amvlase gene amyL

20 pSJ1755 (Fig. 28) was constructed by ligating the 3.3 kb Bglll-

HindXIX fragment from pDNl98l (cf. Example 2) to the 4.9 kb

Bglll-Hindlll fragment from pSJ1391 (Fig. 25) , selecting for

Jcanamycin resistance (10/ig/ml) in DN1885 at 30 *C. This plasmid

contains the entire amyL gene with the promoter sequence shown

25 in SEQ ID#6 (the promoter found in the high-yielding CGTase

strain SJ1608) on a vector which is temperature-sensitive for

replication and conferring resistance to kanamycin and

erythromycin.

30 The a-amylase-producing licheniformis strain from which

SJ1608 was derived contained a chloramphenicol resistance gene

inserted into the alkaline protease gene, thereby disrupting

this gene and making the strain alkaline protease negative. A
derivative strain, SJ1707, is identical to SJ1608 except that

35 the chloramphenicol resistance gene was replaced by an

approximately 150 bp deletion which also makes the strain

alkaline protease negative*
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Plasmid pSJ1755 was introduced into strain SJ1707 by protoplast

transformation, and replacement of the amyL-ccrtA fusion gene

by the amyL gene was achieved by integration/excision as

described in Example 4.

Yields of cr-amylase from the transformed strain SJ1707 in which

the amvL gene is preceded by the promoter sequence shown in SEQ

ID#6 were . compared to the yield from the strain from which

SJ1608 was derived and in which the amvL gene is preceded by

10 the promoter sequence shown in SEQ ID#4.

The results obtained from BPX shake flask cultures incubated

for 6 days at 37 °C.

20 It clearly appears from these results that the yield of a-

amylase is greatly increased using the promoter sequence shown

in SEQ ID#6.

Promoter sequence

SEQ ID#4

SEQ ID#6

amylase, arbitrary units

1

105
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: Novo Nordisk A/S
(B) STREET: Novo Alle
(C) CITY: Bagsvaerd
(E) COUNTRY: Denmark
(F) POSTAL CODE (ZIP) : 2880
(G) TELEPHONE: +45 4444 8888
(H) TELEFAX: +45 4449 3256
(I) TELEX: 37304

(ii) TITLE OF INVENTION: A Bacillus Promoter

(iii) NUMBER OF SEQUENCES: 6

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: Patentln Release #1.0, Version #1.25

(EPO)

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 616 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Bacillus licheniformis

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 1:

GCKEGOGICC TTCTITCIGC TK3GAAGCAG AGCCCAA2AT TATOOOGAAA OGATAAAAOG 60

GftTCCTGAAG GAAGGAAAOG AAGTOG5GCAA OCATTOCTQG G&GOCATO0G TEAITGACAA 120

GGCTOTCAAA OGAAAAAGOG TATCAGGAGA TEAAOGACAC GCAAGAAATG ATCEAAAAAA 180

TCBGCGGACA CCSXXXXGTA CACTIGCCTC CTCCATAOGG OGGGATCAAT GA3TCOCTCC 240

GClOGCriTC CAATCTGAAG GITTC3OTCT GGGATCTIGA TCOQGAAGAT TOGAAGEACA 300

AAAATAAGCA AAAGATIGTC AATCATGPCA TGAGOCA3GC GGGAGAOGGA AAAATCGTCT 360
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rjj^jGCAOGA aMTTATCCa. AOGTTOGCfiG A2GCTGCIGA AGftG&dAIT AAAAAGCTGA

GQG&ftRKIGG TZOinSSnRA. Afi&EEOQGAA. TAin3ffl&CA AIKTCKINNN NNNMOTIG

AAAGGGGAGG AGAAIEC

(2) INEGRMS1XGN FDR SBQ ID NO: 2:

(i) SBCPENCE ffiARACIERISIXCS:

(A) IENGEH: 186 base pairs

(B) TOPE: nucleic: acid

(C) STRftNDEENESS: single

(D> TOPOIDGK: linear

(ii) M3IEC0IE TYPE: ENA (genomic)

fvi) ORIGINAL SOURCE:

(A) ORGANISM: Bacillus lichemfarms

(xi) SEQUENCE DESCRrPdON: SEQ ID NO: 2:

CTRTCftKHG G32AACD3ESP GTCAGCnEGA AGAAGIGAAG AAGCAGAGAG GClMnGAAT

AAATCAGEAG AAAGGGCJCAT ATOGGOGCTT ITCrTTDGGA AGAAAAIA3ZA GGGAAAATCG

AGAAIEC

(2) INFOKMAnON FOR SEQ 3D NO: 3:

(i) SEQOEMCE CHARACTERISTICS:

(A) IZNGIH: 66 base pairs

(B) T2EE: nucleic acid

(C) STBANDEENESS: single

(D) TQP0SEDG5T: linear

(ii) MDIECDIE T30EE: cENA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: synthetic

(xi) SEQUENCE INSCRIPTION: SBQ 3D NO: 3:

TO3ACIG&CC ACEEGC3ECC TCA3TCDQC31 GCAQOGGCGG CADOGGAIAC TIXSiGTTTCT

CEAGAG

(2) INFORMATION FOR SBQ 3D NO: 4:

420

480

540

600

616

60

320

180

186

60

66
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(i) SEQUENCE CHARACTERISTICS:

(A) IZNGTH: 616 base pairs

(B) TYPE: nucleic acid

(C) STRANEEENESS: single

(D) TOPOIDGY: linear

(ii) MDIECDIE TYPE: ENA (genomic)

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Bacillus licherdformis

(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 4:

GOUGOCTOC TICHTCIGC TTGGAAGCAG AGCXXAATAT TATOCOGAAA OGATAAAAOG 60

GATCCTGAAG GAAGGAAAOG AAGTOGGCAA CX2A3TOCTGG GAOOCATOOG TTA3TGAGAA 120

GGC1GTCAAA OGAAAAAGOG TATCAGGAGA TEAAOGACAC GCAAGAAATC ATOGAAAAAA 180

TCAGOQGACA CXTCOCTGTEA CACTIGOCTC CT0CATAOGG OGGGATCAAT GATTCOGTCC 240

GcitGcrrrc caatctgaag gtto^ttct gggatctiga tcoggaagat TGGAACTACA 300

AAAATAAGCA AAAGATTGTC AATCATCTCA TGAGOCATGC GGGAGAOGGA AAAATOCTCT 360

TAAIGCACGA TATTIATCCA ADJETOGCAG ATCCTGCTGA AGAGATEATT AAAAAGCTCA 420

AAGCAAAAGG CEATCAATTC GTAACTGTAT CIX^GCITGA AGAACTGAAG AAGCAGAGAG 480

GCTftTTCAAT AAATCAGEAG AAAGOGCCAT A3X3GGCGCTT TTCITTIGGA AGAAAATATA 540

GGGAAAAIX3G TATTICTIAA AAATEOQGAA TATITATAGA ATATCATATC TTTCACATIG 600

AAAGQGGAGG AGAATC 616

(2) INFORMATION PCJR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:

(A) DENGIH: 20 base pairs

(B) TYPE: nucleic acid
(C) STRANEECNESS: single

(D) TOPOLOGY: linear

(ii) MDLECUIE TYPE: cENA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: synthetic

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

OOUETGGAT TATTACTQGG 20

(2) INFORMATION FOR SEQ ID NO: 6:
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(i) SEQUENCE CHftRMniERISTICS:

(A) LENGTH: 516 base pairs

(B) TYPE: nucleic acid

(C) S1KANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TOE: ENA (genanic)

fvi) ORIGINAL SOURCE:
.

(A) OBSfflnSM: Bacillus lichenifannis

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

GGCEHDCftAA OGftAAftfiCOG TKTCRGGAGA TTftAQGftCRC GCMGAftATG AJFOGftAAARA

GCTOGCI3TC CAATCTGAfiG CTTPCATICT GQGATCITCA TCCGGAAGAT TGGAAGT&CA

AAAATAAGCA A&RGKEEGEC ARTCKICTCA TGftGOCKDGC GGGftGAGGGA AftftflTOGTCT

nMTCC&QGA T2SEd3fl!QCA AOGEECGCfiG AHQCTGCTGA AGAGAHKET AftA&BGCK&

AfiGCAAASGG CTKECS&nDG GHR&CEGIKr CTCAGCEDGA AGAftCTGMG AftGCAGfiGAG

GCTKnEAKF AAfflEftGERG AARGCGOCKr ATCGGOGCPT HCTTTDGGA flGASAKENA

GGG&AAATGG TACTTCTTAA A&ATTOQGAA TAOTEATAC& ATATCATATC TTACACATTG

AftftGGGGftGG AS&KEC

60

120

180

240

300

360

420

480

540

600

616
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CLAIMS

1. A Bacillus promoter included in the following DNA sequence

5

GCATGCGTCC TTCTTTGTGC TTGGAAGCAG AGCCCAATAT TATCCCGAAA

CGATAAAACG GATGCTGAAG GAAGGAAACG AAGTCGGCAA CCATTCCTGG

GACCCATCCG TTATTGACAA GGCTGTCAAA CGAAAAAGCG TATCAGGAGA

TTAACGACAC GCAAGAAATG ATCGAAAAAA TCAGCGGACA CCTGCCTGTA

10 CACTTGCGTC CTCCATACGG CGGGATCAAT GATTCCGTCC GCTCGCTTTC

CAATCTGAAG GTTTCATTGT GGGATGTTGA TCCGGAAGAT TGGAAGTACA

AAAATAAGCA AAAGATTGTC AATCATGTCA TGAGCCATGC GGGAGACGGA

AAAATCGTCT TAATGCACGA TATTTATGCA ACGTTCGCAG ATGCTGCTGA

AGAGATTATT AAAAAGCTGA AAGCAAAAGG CTATCAATTG GTAACTGTAT

15 CTCAGCTTGA AGAAGTGAAG AAGCAGAGAG GCTATTGAAT AAATGAGTAG

AAAGCGCCAT ATCGGCGCTT TTCTTTTGGA AGAAAATATA GGGAAAATGG

TAN 1TTGTTAA AAATTCGGAA TATTTATACA ATATCATN2N3N4

N5N6N7N8N9CATTG AAAGGGGAGG AGAATC (SEQ ID#1)

.20 wherein each of N 1-N9 is A, T, C or G with the exception that

N2-N9 do not together form the sequence ATGTTTCA or GTGTTTCA,

or a functional homologue of said sequence.

25 2. A promoter according to claim 1, wherein N 1 is C or T.

3. A promoter according to claim 1, wherein N7 is A, G or C.

4. A promoter according to claim 1, wherein N 1 is C and N7 is

30 A-

5. A promoter according to claim 1, wherein N2-N9 together form

the sequence ATGTTACA-

35 6. A promoter according to claim 5, wherein N 1 is C.

7 • A promoter according to claim 1, which is included in the
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following DNA sequence

CTATCAATTG GTAACTGTAT CTCAGCTTGA AGAAGTGAAG AAGCAGAGAG

GCTATTGAAT AAATGAGTAG AAAGCGCCAT ATCGGCGCTT TTCTTTTGGA

5 AGAAAATATA GGGAAAATGG TAN'TTGTTAA AAATTCGGAA TATTTATACA

ATATCATN^3!!4 ^N^N^'CATTG AAAGGGGAGG AGAATC (SEQ ID#2)

wherein N1-N9 has the meaning indicated above.

10 8. A promoter according to any of claims 1-7
r which is derived

from a Bacillus licheniformis gene and in particular it is a

variant of a Bacillus licheniformis a-amylase promoter.

9- A DNA construct comprising a DNA sequence coding for a

15 protein of interest preceded by a promoter sequence according

to any of claims 1-8-

10. A DNA construct according to claim 9, wherein the protein

of interest is an enzyme such as an a-amylase , cyclodextrin

20 glycosyl transferase or protease.

11. A DNA construct according to claim 9 or 10, which further

comprises a DNA sequence coding for a signal peptide.

25 12. A DNA construct according to claim 11, wherein the signal

peptide is the B*_ licheniformis a-amylase signal peptide.

13 . A recombinant expression vector comprising a DNA construct

according to any of claims 9-12.

30

14. A host cell transformed with a DNA construct according to

any of claims 9-12, or with a vector according to claim 13.

15. A host cell according to claim 14, which is a strain of

35 Bacillus , in particular a strain of Bacillus licheniformis
r

Bacillus lentus . Bacillus brevis . Bacillus stearothermoohilus .

Bacillus allcalophilus „ Bacillus amyloliouefaciens . Bacillus
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coaaulans Bacillus thurinaiensis or Bacillus subtilis .

16. A process for producing a protein in Bacilli comprising

culturing a Bacillus host cell transformed with a DNA construct

5 according to any of claims 9-12, or with a vector according to

claim 13 under conditions permitting production of said

protein, and recovering the resulting protein from the culture.
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